Abstract. In order to reduce the computational complexity of the OTSU algorithm, in this paper, improved OTSU algorithm using quartered search method has been proposed. When compute the optimal segmentation threshold, divide the whole gray level into four regions, and then determine the region of the optimal segmentation threshold according to the Monotonicity of maximum classbetween variance. The proposed algorithm avoids calculating the maximum class-between variance traversing the whole grayscale, so we can find the optimal segmentation threshold only traversing the quarter region of gray level; it overcomes the shortcoming of huge calculation by using Otsu algorithm to search optimal threshold value. Experimental results show that this method can find reliable optimal threshold value, and improve the processing speed. It is easy for improved Otsu algorithm to meet real-time processing requirements.
Introduction
Image Segmentation is one of the basic techniques of image processing and computer vision. It is a key step for image analysis, comprehension and description. Among all the segmentation techniques, thresholding segmentation method [1, 2] is the most popular algorithm and is widely used in image segmentation field. The basic idea of thresholding is to automatically select one or several optimal gray-level thresholds for separating objects of interest in an image from background based on their gray-level distribution. Basically thresholding methods can be categorized into two categories: global thresholding and local thresholding [3] . Commonly used global thresholding methods are iterative method, Otsu method [4] , maximum entropy method [5, 6] , and so on.
Otsu's method is a typical method of global thresholding, which selects the threshold using the maximum of between-class variance. Even in the case of unimodal histogram images, it can still provide a satisfactory result. For multi-object and non-uniform illumination images, however, Otsu's approach misses many lower brightness objects [7] . Based on the gray-level histogram of an image, Otsu's thresholding method takes the variance between clusters as the criterion to select the optimal threshold [8] . This method has been cited as an effective thresholding technique and widely used in real thresholding tasks. However, there are always uncertain disturbing factors in practical applications. These disturbing factors probably make one-dimensional (1D) histogram fail to possess obvious valley between two peaks [9, 10] . As a result, Otsu method cannot obtain optimal segmentation results.
But the main drawback of the OTSU algorithm is its large amount of calculation. The OTSU algorithm calculates the maximum class-between variance traversing the whole grayscale, so it leads to the shortcoming of huge calculation by using Otsu algorithm to search optimal threshold value, and the computational complexity of the algorithm reaches O (L2) because it calculates a variance for each gray value in the gray level. Thus it is hardly for Otsu to meet real-time processing requirements. So the segmentation method needs to be improved.
The rest of this paper is organized as follows. Section 2 introduces the segmentation process in general, and thresholding technique in particular; it also reviews Otsu method of thresholding. In Section 3, modified OTSU algorithm using quartered search method is presented. While section 4 is concerned with the experimental results carried out. Section 5 is about the main conclusions of this study.
OTSU Algorithm
In 1979, N. Otsu proposed the maximum classes' variance method (known as the Otsu method). For its simple calculation, stability and effectiveness, it has been widely used, is a well-behaved automatic threshold selection method, and its consumed time is significantly less than other thresholding algorithms.
In this section, we rewrite Otsu method as follows [4] . Set the pixels of the segmenting image as N, there are L gray levels (0, 1,..., L −1) , and i n pixels whose gray level is i, then
In order to simplify the discussion, we express the probability density distribution with the form of histogram
Assume the image is divided into two categories C0 and C1 (target and background, or vice versa) with threshold t , then C0 and C1 respectively correspond to the pixels whose grey level are {0,1,...,t} and {t+1,t+2,...,L−1}. Then the existing probability of the region C0 in the image and the average gray value of the region can be calculated respectively as:
The existing probability of the region C1 in the image and the average gray value of the region can be calculated respectively as:
And the average gray value of the whole image is:
Then, the class-between variance between the region C0 and C1 can be expressed as:
is the classes variance when the threshold of the histogram is t, then the optimal threshold could be obtained through solving the maximum of
, that is the optimal value threshold (t*) is found with the following equation, One of the advantages of the Otsu algorithm is its good applicability because the selection process of threshold is based on the statistics of the gray level distribution of the pixels and thus it has nothing to do with the specific contents of the image.
The shortage of Otsu algorithm:
(1) In dealing with images discontinuous on grey level, with traditional Otsu algorithm the obtained threshold couldn't find a good convergence to the global optimum.
(2) Although the Otsu algorithm does not make any assumptions on the probability density function, and express the two target and background probability density functions, only making use of the mean and variance, so it assume the two probability density functions could be expressed with the use of the two statistics, however, it's not the case.
(3) When the global distributions of the target and background vary widely, Otsu algorithm will fail.
(4) Otsu algorithm is suitable on condition that there are two categories in the image. When there are more than two categories in the image, the method must be modified, so as to decide multithreshold. The approach allows the largest between-class variance and the smallest in-class variance.
(5) With Otsu algorithm the image is divided into two categories, even if the division makes no actual sense. In fact, the method couldn't be applied directly in case of variable illumination conditions.
But the main drawback of the algorithm is its large amount of calculation. The computational complexity of the algorithm reaches O (L2) because it calculates a variance for each gray value in the gray level collection G and thus it is hardly for Otsu to meet real-time processing requirements. So the segmentation method needs to be improved.
Modified OTSU Algorithm
The Modified OTSU algorithm calculates the derivation and demonstrates the Monotonicity of class-between variance first, and then uses quartered search method to search optimal threshold value according to the Monotonicity of class-between variance and traversing the region of gray level after quartered search for calculating the maximum class-between variance. The proposed algorithm avoids calculating the maximum class-between variance traversing the whole grayscale, it overcomes the shortcoming of huge calculation by using Otsu algorithm to search optimal threshold value, enable which to be applied in some occasions requiring for high real time. Experimental results show that this method can find reliable optimal threshold value, conduct image segmentation, and improve the processing speed.
Demonstration the Monotonicity of class-between variance is as follows: Convenient for demonstration, we extend variables Pi, ω0, ω1, μ0, μ1, μT,
B
 from discrete region to continuous region. The definition of all these variables is the same as above mentioned.
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Calculate the partial derivative with respect to t in both sides of Eq. 15, we can get, 
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Eq. 16, we have:
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Thus it can be seen that the change from positive to negative is accordantly between
we have:
, and 2t is also monotone increasing The proposed algorithm is presented as follows.
Step 1. Calculate two median value of gray level of an image, such as, _ m med and _ 1 m med  , compute the class-between variance value according to the two points, such as, 
Experiment Results
To evaluate the performance of the proposed method, we have conducted a comparison of time consume with OTSU method and modified OTSU algorithm using quartered search method (time unit: us). Experimental results are shown in Table 1 . Implementation condition of experiment is CPU: Intel Pentium Ⅲ Xeon 3GHz, RAM: 2.99GB, Software: Visual C++6.0. Table 1 shows that the proposed algorithm can reduce the computing quantity and improve the processing speed, so the improved method is more effective and efficient than OTSU method.
Conclusions
In order to solve the problem of the computing quantity of the OTSU algorithm, in this paper, improved OTSU algorithm using quartered search method has been proposed. When compute the optimal segmentation threshold, divide the whole gray level into four regions, and then determine the region of the optimal segmentation threshold according to the Monotonicity of maximum classbetween variance. So we can find the optimal segmentation threshold only traversing the quarter region of gray level after quartered search for calculating the maximum class-between variance, need not traversing the whole region of gray level.
The Modified OTSU algorithm uses quartered search method to search optimal threshold value according to the Monotonicity of class-between variance and traversing the region of gray level after quartered search for calculating the maximum class-between variance. The proposed algorithm avoids calculating the maximum class-between variance traversing the whole grayscale; it overcomes the shortcoming of huge calculation by using Otsu algorithm to search optimal threshold value. Experimental results show that this method can find reliable optimal threshold value, and improve the processing speed. It is easy for improved Otsu algorithm to meet real-time processing requirements.
